Intramolecular oxidative coupling reaction of N-protected benzyltetrahydroisoquinoline derivatives using hypervalent iodine(III) reagents was investigated. The use of remarkable combination of phenyliodine bis (trifluoroacetate) (PIFA) and heteropoly acid (HPA) in wet acetonitrile smoothly afforded morphinandienone alkaloids, while neospirinedienone alkaloids were obtained in high yield under anhydrous conditions.
The oxidative coupling reaction of phenol derivatives comprises a key step in the biosynthesis of various types of spirodienone alkaloids. 1, 2) A great deal of effort to develop biogenetic-type syntheses using heavy metal oxidizing reagents such as mercury(II), thallium(III), vanadium(V), or ruthenium(IV) salts, has been devoted. [3] [4] [5] [6] [7] [8] However, the organic reaction with heavy metal reagents needs harsh acidic condition because of their low solubility in organic solvent and the yields and selectivity are not always satisfactory. Moreover, heavy metal reagents are highly toxic and must be handled with great care. Over several years, hypervalent iodine(III) reagents have received much attention due to low toxicity, ready availability, easy handling, and their reactivities similar to those of heavy metal reagents. [9] [10] [11] [12] In continuation of our research on the use of hypervalent iodine(III) reagents in organic synthesis, the oxidative coupling reaction of phenol ether derivatives involving aromatic cation-radical intermediates was originally reported by us. 13 ) Recently, we have developed a new oxidative route to spirodienones by nonphenolic coupling reaction on treatment with a combination of hypervalent iodine(III) reagent, phenyliodine bis (trifluoroacetate) (PIFA) and heteropoly acids (HPAs) which are readily available, inexpensive, easy to handle, noncorrosive, nonvolatile, and oldorless solid acids. 14, 15) The oxidation of benzyltetrahydroisoquinoline derivatives is the key reaction in the synthesis of several types of alkaloids and has received considerable attention since the first indication of biosynthetic importance of this type of reaction by Barton and Cohen in 1957. 1, 2, 16) Much of this attention has been focused on the transformation into morphinandienonetype alkaloids. [17] [18] [19] [20] [21] [22] [23] [24] [25] Although electrochemical investigations demonstrated efficient conversion into morphinandienones via non-phenolic coupling reaction, [26] [27] [28] [29] the approaches using chemical oxidation were unsuccessful in the main and did not afford practical routes to morphinandienones. [30] [31] [32] [33] [34] [35] Very recently, we examined potentiality of the use of novel combination of PIFA and HPA in the oxidation of benzyltetrahydroisoquinoline derivatives. 36) In that research, the inhibition of the oxidation owing to the influence of their tertiary amine was observed and the extra addition of strong acid (5 eq) such as, BF 3 · Et 2 O, TfOH, or FSO 3 H with PIFA/HPA provided successful conversion into morphinandienones. During the research, we found that protection of the amine with trifluoroacetyl group can give another alternative to introduce the corresponding morphinandienone. It is noteworthy that the oxidation proceeds in the presence of PIFA/HPA and the extra addition of strong acid is not necessary, whereas most other approaches to morphinandienones require the harsh acidic condition.
As our continuing efforts to establish a concise and general synthesis of morphinandienones, we have described herein a full account of our studies on the intramolecular oxidative coupling reaction of a variety of N-protected benzyltetrahydroisoquinoline derivatives using hypervalent iodine(III) reagents.
Result and Discussion
To explore the feasibility of the oxidative cyclization of the N-protected benzyltetrahydroisoquinoline derivatives (1), the reactions using PIFA/HPA together with an emphasis on nitrogen protection 2) as illustrated in Table 1 were investigated. Although N-trifluoroacetyl or pentafluorobenzoyl protection caused a favorable cyclization leading to morphinandienones (2) upon treatment with a combination of PIFA and tungsto(VI) phosphoric acid (H 3 [PW 12 O 40 ]) (entries 1, 2), no coupling product was obtained from other substrates such as, N-carbamate, N-formate, or N-borane complex (entries 3-5). Unsuitable result exerted by 1c-e may be due to the lower oxidation potential of the tertiary amine center of the substrates in comparison with the dimethoxydialkylbenzene moiety. 37) In the reactions of 1a and 1b, neospirinedienones (3a, b), which would be Erythtrina alkaloid precursors, were obtained as a side-product. 30) In order to achieve the selective synthesis of 2, cyclization was carried out under various conditions (Table 2) . Dominant formation of 2a occurred in the presence of wet acetonitrile and the better results were observed in entries 3 and 6. It is noteworthy that the reaction proceeds under such mild conditions with simple experimental protocol. On the contrary, exclusive formation of 3a in high yield was also observed under anhydrous conditions (entries 8, 9). These results therefore suggest that the presence of water in the reaction medium plays an important role in its selectivity. 14, 15) We also carried out the reaction with PIFA/BF 3 · Et 2 O in wet acetonitrile, but the yield and selectivity of 2a were decreased relative to the reaction with PIFA/HPA (entries 10, 11).
Next, we investigated the oxidative cyclization of some other substrates (1) ( Table 3) . Similarly, treatment with PIFA/HPA in wet acetonitrile afforded morphinandienonetype products (2), while PIFA/BF 3 · Et 2 O in dry acetonitrile produced neospirinedienone-type products (3).
As Table 3 , isolation of the spirodienone-type products (2), which should be introduced through nucleophilic addition of H 2 O to intermediate [A] demonstrated the justification of route 2 (entries 1-4; wet condition). Additionally, formation of 3 with the present substituent (RЈ) will also follow this opinion (entries 5-8).
Conclusion
We have shown oxidative coupling reaction of the N-protected benzyltetrahydroisoquinoline derivatives using hypervalent iodine(III) reagents. A concise and efficient synthesis of morphinandienones has been achieved by the novel use of remarkable combination of PIFA and HPA. Alternatively, neospirinedienones have been smoothly synthesized by using PIFA/BF 3 · Et 2 O or PIFA/HPA/TFAA. The simplicity of the -1-(3,4-dimethoxybenzyl)-1,2,3,4-tetrahydro-6 General Coupling Procedure Leading to Morphinandienone Derivatives (2) by Treatment with PIFA/HPA (Condition A) To a stirred solution of 1 (0.10 mmol) in 2.5%-H 2 O/CH 3 CN (4.0 ml) was added HPA (100 mg) and PIFA (43.0 mg, 0.10 mmol) at Ϫ20°C. Stirring was continued for 60 min at Ϫ20 to 0°C. The solution was dilute with AcOEt and filtered through a pad of alumina. The filtrate was concentrated and the residue was purified by column chromatography on silica gel (hexane/EtOAc/Et 3 N, 10 : 15 : 0.5) to morphinandienone derivatives (2).
N-Trifluoroacetyl
6-Trifluoroacetylnorsebiferine (2a) 5, 25, 28) Colorless solid; mp 182-183°C (lit. 25) (1H, s), 6.62 (1H, s), 6.84 (1H, s) . 13 C-NMR (CDCl 3 ) (major) d: 37.9, 39.5, 41.6, 42.2, 52.0, 55.2, 55.9, 56.4, 108.7, 110.8, 117.4,   123.2, 126.7, 128.6, 148.7, 149.0, 151.9 156.6, 180.1. (minor) d: 37.0, 38.7 : 36.3, 38.5, 41.1,  42.3, 51.2, 55.2, 55.9, 56.3, 108.7, 110.8, 117.4, 123.0, 127.0, 128.5, 148.6,  148.9, 151.9 157.1, 180.2. (minor) d: 36.6, 38.8, 41.4, 42.5, 51.2, 55.2, 55.9,  56.3, 108.6, 110.5, 117.7, 122.1, 126.2, 128.5, 148.6, 148.9, 151.7 156.8 Benzyloxy-6,7-dimethoxy-11-trifluoroacetyl-9,10-dihydro-4a,10 N-Trifluoroacetyl Neospirinedioenone (3a) 28, 39) Colorless solid; mp 250-251°C (lit. 39) 
